1. The response of serum angiotensin converting enzyme (ACE) activity to three grades of hypoxia was studied in two groups of human subjects. Hypoxic gas mixtures having oxygen concentrations of 14, 12.6 and 10.4% were breathed successively for a period of 10min at each concentration. Venous blood was sampled at the end of each of the three periods and arterial oxygen saturation was recorded throughout the experiment.
Introduction
Angiotensin converting enzyme (ACE) activity is reduced by hypoxia in endothelial cell cultures [I] , in dogs [2] and in man [3] . We have speculated [4] that this reduction in ACE activity might be beneficial in reducing the gain of the renin-angioCorrespondence: Dr J. S. Milledge tensin-aldosterone system when a combination of high altitude exposure and prolonged exercise results in very high levels of renin activity. The corollary of this is that subjects whose ACE activity is not so reduced by hypoxia would be expected to have high levels of circulating angiotensin I1
and aldosterone on exercise at altitude. This would cause sodium retention and might place them at an increased risk of developing acute mountain sickness (AMS). Some support for this idea is given by our finding that highly experienced climbers had a greater decrease in ACE during the initial 5-1 2 days at altitude than less experienced mountaineers [5] .
The present study was designed to define the ACE response to graded acute hypoxia and to test the hypothesis that subjects susceptible to A M S would have less reduction in ACE activity for a given degree of hypoxaemia than subjects more resistant to AMS.
Experimental

Subjects and methods
Ten subjects were selected before experiments as either 'good' or 'poor' acclimatizers on the basis of their altitude history. Of the five poor acclimatizing subjects two had had numerous attacks of mild AMS and two more serious attacks each. Two had had three attacks, one of which was serious in each case, and the fifth subject had had AMS on each of two trips to altitude, once seriously. One subject was female. Subjects in the 'good' acclimatizer group had all been to altitudes greater than 4500 m on at least three occasions with no symptoms of AMS. Two subjects were female. The age ranges of the two groups were 29-56 and 27-56 years respectively. All subjects gave their informed consent to the study.
Protocol
Subjects were seated and a venous cannula placed in a forearm vein. An ear oximeter was used to monitor arterial oxygen saturation throughout the experiment. Approximately 15 min after cannulation subjects started breathing hypoxic gas mixtures via low resistance respiratory valves from cylinders of N2 and air, the Froz being continuously monitored with a paramagnetic oxygen analyser. Three mixtures were breathed successively for 10 min each, the oxygen concentrations being 14, 12.6 and 10.4% (equivalent to 3000, 4000 and 5000 m altitude). Venous blood samples were drawn whilst breathing room air and during the last minute of breathing each oxygen mixture. On breathing each hypoxic mixture the Saoz usually fell progressively for 3-5 min then tended to plateau out. The mean value for the last 3 min was taken as the value of Sao2 against which t o plot the ACE activity.
Blood was allowed t o clot and the serum stored at -20°C until analysed. ACE activity was measured by using a fluorimetric method [6] .
Results
There was n o significant difference in age (range or mean) between the two groups. The Saoz resulting from breathing the hypoxic mixtures was very variable within both groups but there was no significant difference in mean Saoz between the two groups. ACE activity when breathing air ranged from 51 to 31 nmol min-' ml-' but no significant difference was found between the groups. With hypoxia, ACE activity was reduced in all subjects and this reduction was more marked in the good acclimatizers so that the difference between the groups became significant when breathing the two mixtures having lower oxygen concentrations (P= 0.0012 at 12.6%OZand0.0002 at 10.4% 02, unpaired t-test). However, although not statistically significant, the Sao2 was lower in the good acclimatizer group, and so in order to examine the reduction in ACE activity for a given reduction in Sao2 we plotted the ACE response t o hypoxia (Fig. 1) . The response is linear, as r was greater than 0.96 in all subjects. The linear regression slope and intercept were calculated for each subject, where an obvious difference was found between the two groups. This relationship was examined statistically using analysis of co-variance
which showed a significant difference in the slope between the groups (F = 8.2 on one and four degrees of freedom, P = 0.046). Fig. 1 shows the results.
Discussion
The effect of hypoxia in reducing ACE activity has been demonstrated in endothelial cell cultures of bradykinin [9] . The effect has been shown in man with acute [3] and chronic hypoxia [4, 5] . It is not due to direct inhibition of the enzyme since hypoxia in vitro has no effect on its activity [ 11. ACE has been shown to be concentrated on the luminal surface of endothelial cells, particularly in the caveolae intracellularis [ 101. Stalcup et al. [ 11 have suggested that hypoxia may induce a conformational change at this site, effectively excluding the enzyme from the circulation. Certainly the effect is rapid, i.e. the reduction in activity is complete in 6 min in dogs [9] and returns as rapidly to normal with normoxia. Hence the rather short period for each hypoxic mixture (10 min) used in this study. This study shows the response of serum ACE activity to a range of hypoxaemia in man; this response appears to be linear with respect to Sao, rather than Pao,. Previous studies in dogs have shown a better correlation with Pao, [2] .
However, there is good agreement between our results and those of other investigators. By reworking the data obtained in dogs by Leuenberger et al.
[2] so as to arrive at a slope of the response of ACE activity (as % of control) against Sao,, we get a value of 1.65 (r = 0.80) which lies between our two groups of subjects having slopes 2.13 and 1.33. This agreement is all the more remarkable when one considers the very different conditions of the experiments and methods used. Leuenberger et al.
[2] used anaesthetized dogs and measured the transpulmonary conversion of angiotensin I, whereas we measured serum ACE activity in conscious man. A similar re-working of the data from Szidon et al. [8] gives a value for the slope of 1.04. This agreement in response to hypoxaemia gives us confidence that our measurements of serum ACE activity are a reasonable reflection of ACE activity at the pulmonary capillary endothelial surface.
The suggested mechanism by which a reduction of ACE activity may help prevent AMS is as follows. The combined effect of exercise and altitude results in very high levels of renin activity, presumably by strong sympathetic stimulation of the kidney and a direct effect of hypoxia. These very high renin levels are found only when exercising during the first 2 or 3 days after ascent to high altitude [4] , the time when a subject is most at risk of AMS. If ACE activity is reduced, then the gain of the system is decreased and the high levels of angiotensin I resulting from this high renin activity does not result in such high levels of angiotensin I1 or aldosterone. In subjects who fail to reduce their ACE activity in response to hypoxia one might expect higher levels of angiotensin I1 and aldosterone. The high angiotensin I1 would tend to cause a shift of blood into the central blood volume and increase pulmonary artery pressure, increasing the risk of pulmonary oedema, whilst elevation of aldosterone concentration would cause sodium retention and hence a generalized increase in extracellular fluid increasing the risk of widespread oedema. The symptoms of AMS then result from cerebral and pulmonary oedema and often facial and dependent oedema. Evidence from this study supports this hypothesis.
An alternative explanation is that there is an association between the ACE and the ventilatory response to hypoxia and it is the latter which is the mechanism underlying AMS. This has been supported by a number of studies [ 11 -141 . It may well be that the cause of susceptibility to AMS is multifactorial in which blunted ventilatory and ACE response to hypoxia both play a part.
